Sea Ice and the Density driven Circulation

Sea Ice

Water Mass Formation

Thermohaline Circulation

 Image: Left- Photo mosaic of sea ice in the Southern Ocean viewed from the JOIDES Resolution. Recall that ~90% of the ice is submerged due the density difference between ice and sea water. (photo by J. Ortiz) Right- Artist rendition of an iceberg. Note who the surface of the iceberg is irregular while the sea ice is flat. (Cover image of Thurman and Trujillo, Essentials of Oceanography, 7th ed.
Temperature, Salinity and Density in the Surface Ocean
Temperature - equator to pole variation in solar heating

Salinity - variations in freshwater input and evaporation

Density - affected by both temperature and salinity

Top: Temperature (blue=cold)

Middle: Salinity (blue=fresh)

Bottom: Density (blue=less dense)
Density-Driven Circulation

Heating, cooling, precipitation and evaporation change the density of seawater

Density-driven circulation arises as dense water sinks below light water under the influence of gravity

Graphic: Ross Ice Shelf, Antarctica.  M.Van Woert, photographer, courtesy of NOAA.
Regions Where Dense Water Forms

Deep & Bottom Water

- form near poles due to salt rejection associated with sea ice production

Med Sea Water

- forms due to evaporation

Intermediate water

- forms due to convergence of     ocean currents

Graphic:  Garrison, Fig. 9.20, pg 227.
Water Mass Layering (Atlantic)

Antarctic Intermediate Water - flows northward

North Atlantic Deep Water - flows southward at mid-depths

Antarctic Bottom Water -flows northward along the bottom

Others: Mediterranean Sea water, Central water, Surface water

Graphic:  Section of phosphate along 30.5°W from the World Ocean Atlas generated with the LDEO/IRI Data Viewer. See also Garrison, Fig. 9.23, pg 228.
Intermediate Water Production at 
Convergence Zones

(arrows indicate direction of water motion)

Convergence zones occur due to winds

Where ocean currents converge, dense water can sink under lighter water leading to a new class of water masses (Intermediate Water)
Evaporation and Mediterranean Sea Water

Not all dense water is produced near the poles...

Evaporation creates very salty warm water in the Mediterranean Sea

This spills over the Gibraltar sill and sinks in the central North Atlantic

Graphics: Top, Salinty in September Salinity at 1000 m, World Ocean Atlas 1998. Bottom, Garrison, Fig. 9.21, pg. 227

What Happens as Sea Water Freezes?

As the ocean cools and freezes, sea ice forms

The "salt" in the sea is not incorporated into the ice,

 it is left behind in the water

Net result: 

- "fresh" ice

- very cold, very salty water

- heat moves from the ocean to the atmosphere

Graphic: Looking over broken sea ice to open water, photo by M.VanWoert NOAA NESDIS OAR, courtesy of NOAA.
Sea Ice and Bottom Water

Bottom water = very cold, salty (dense) water

Formation:

- Cold winds blow over the ocean

- The ocean cools and forms ice

- Salt is left behind in the seawater

- The seawater gets colder, saltier and denser and sinks to the bottom of the ocean
Thermohaline Circulation 


- Linking the Global Ocean

1. Sinking at poles in Atlantic

2. Deep flow of cold, salty water into Indian and Pacific

3. Upwelling in Pacific

4. Return flow at surface via Indonesian Passages

Graphic:  Pinet, Fig. 6.16b, see  Garrison, Fig. 9.25, pg 230.
Phosphate at 0 m depth

Graphic: Phosphate at 0m depth from the World Ocean Atlas generated with the LDEO/IRI Data Viewer.
Phosphate at 1000 m depth

Graphic: Phosphate at 1000m depth from the World Ocean Atlas generated with the LDEO/IRI Data Viewer.
Variations in Thermohaline circulation through time

Expanded glacial ice caps deliver sediment to the deep sea (ice rafted debris).

Aspects of the altered climate state are recorded by different components of marine sediment.
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Extent of ice coverage during the last ice age compared with modern limits of polar ice cover

Images by M. McCaffrey, courtesy of NOAA.
Abrupt Climate Change

Analysis of glacial deposits in marine sediments has helped scientists understand ice ages

It has also revealed that climate can change quickly

Marine sediments reveal that temperature changes comparable to the change from "ice age" to "normal" conditions can occur within centuries or decades

Understanding rapid climate change is useful for assessing the potential for future climate change
Recovering Marine Sediments

Coring:


Various systems collect a ~1-15 meter long cylindrical tube of sediment from the    seafloor .
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Specially designed ships can  
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Top:  Sediment cores.  A. Jennings 










   (Univ. of Colorado, Boulder) 













    photographer.  Courtesy of NOAA.                        







Bottom:  Drillship JOIDES Resolution.    







      J. Ortiz, photographer.
Things Don't Always Proceed Smoothly...
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Graphic: (top) "Banana core" bent during 

operations off the West Coast of the US, (right) 

new French coring technology.  Photos by 

Dr. J. Ortiz, KSU Dept. of Geology
Things you can find in the deep sea…

Shells of microscopic animals

Tiny fragments of rock.

(Images courtesy of NOAA Heinrich Events slideshow)

13C-nutrient relationship

From Tracers in the Sea by Broecker and Peng

“Redfield” 13C-PO4 relationship

·  Biology leaves its imprint on the chemistry of the ocean 

·  The ratio of nutrients in marine organisms and mean seawater are very similar. 

·  Key biological processes are photosynthesis and respiration of marine organic carbon.

From Tracers in the Sea by Broecker and Peng

